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TEE NEAR NOISE FIELD OF STATIC JIYTS AND SOME MODEL
STtIIMES OF DEVICES FOR NOISE REDUCTION 1

By LESIJE W’. LASSITERand HAEVEY H. HUBBARD

SUMMARY

%perinwntal 8tudie9 of the premure j?wduuti.om near jet
exhaust streams were made during unchoked operation of a
turbojet engine and a I-inch-ohnder liigh-temperaturemodel
jet and during c]wked operaiion of varioIMsiztx of model ja%
wn”thunheatedair. The testsfor unchoked operation indicate a
random spectrum of rather narrow band width which varies in
jreguency content with amid position along the jet. Prtwure
sumeys from the model ttxtx along lin.tx parallel to the 16° jei
bounda~ indti thatthestationof grea%t prexsure$wctuu$ti
i~ determinedby the jet ~elody and the radtizldinkmce,wit-ha
tendencyof themaximumto shijl downm!reamas eitherparameti
is incremed. From modelttxi%themu.gnitudeof ti$tu%udmw
appears to h.creu-sea-saboui the semn.dpower of jet velocity at
points just ouiside the jti boundaq and a-sincreasingly hig?wr
powers of jet velociiy as distancefrom the boundaryix increu.d.
A laboraiq &d of noise reduction wit-hmodel ja% was
jound to produce large decreaw in the magnitude of the l.o-w.w-
jrequency comporwntsof the spectra and thereby ai%oto reduce
the total radiaikdenergy.

Choked operaiiw of nwdd jei% & unlieated air -W-
the appearance of a dimrete-frequencycomponent of very large
magnitude. iWadowgraph records of the@ Aino thai thti
condition is amociutedwith the appearance of jlow formatiom
.wqgestiveof partlyformed toroidd vorticzain the oiciniiy of the
shacks. Elimination of the-sefomnu$iorwh found to eliminate
h discrete compon.eniand thereby to reduce the overaUtie
I?4vel.

INTRODUC1’ION

It is well known that the turbojet is a generator of intense
pressure fluctuations. In view of this fact, it is important
that the designer and operator of turbojet-powered aircraft
be able to predict the nature and severi@- of these fluctuations
both in the vicinity of the engine (the near field) and at large
dist+cea horn it (the far field).

The far-field nspect of the problem is of concern to a great
number of people, including airport workers as well as the
general public, and appreciable research, both theoretical and
experimental, has been done on that phsse of the problem.
For example, reference 1 pres.entathe remits of an experi-
mental evaluation from model jets of the effects of various

geometric and flow parameters and compares model and full-
scale pressure fields, while a detailed survey of the pressure
field of a full-scale cmdiguration is given in reference 2. In
reference 3 it has been shown that the problem is subject to
qualitative analyticfd treatment for distances that are large
relative to the radiated wavelengths.

Of the investigations reported to date, only that of refer-
ence 4 has dealt with the pressurefluctuations in the immedi-
ate vicinity of the jet (the near fieJd), and it is in this region
that some of the more serious problems arise. Service crews
and test-stand personnel work regularly in the extremely high
pressure levels of the near field. Occupants of the aircraft
are, in a sense,in the near field also. Thus, from considera-
tion of personal discomfort a smallergroup is affected but to a
much larger extent than the general public. Structural
problems arise in the near field also. In several instances
structural members of the aircraft have developed fatigue
failures from the oscillatory loads imposed by pressure fluc-
tuations from the engine. Generally, these failures “havo
been in secondary membem but, with more powerful engines,
the possibility that the primary tail structure of some multi-
enginedconfigurations may be ailected must be considered.
Structural problems may also arise in the operation of ground
mufflers which enclose the jet tailpipe with only small clear-
ances between the cell walls and the jet stream. The purpose
of the present investigation is therefore to make a systematic
study of the near pressurefield of both unchoked and choked
jets. In discussion of unehoked operation, data from the
survey of a fulkcale engine are used primarily, although some
data horn high-temperature model jets are included to
indicate probable trends and to clarify some of the full-scale
remdts. Since an extensive rqnge of overpres-sure is not
generally available io static operation of turbojets, the
charactwisties of choked operation were explored with model
jets only.

In order to avoid ambiguity of nomenclature, some ex-
planation of the usage of the present report appears warrant-
ed. The terms “noise” and “sound pressure” are used
interchangeably in discwion of the near-field pressure
fluctuations. However, it is recognized that, because the
measurement were made in the near field where sound
pressure and particle velocity are not in phsse, the data are
in many cases not indicative of the radiated sound energy.
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The choice of words is therefore primarily one of con-
venience.
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overall pressure flucutations, lb/sq ft
distance aIong flow axis, in.
distance between shocks, in.
distance from longitudinal axis of jet, in.
distance from center of nozzle or orifice to observer,

in.
radial distance tim 15° boundary, in.
nozzle or orifice diameter, in.
diameter of auxili~ orifice
jet velocity, fps
jet-fluid temperature, ‘F
pressure, lb/sq in.
nozzIe pressure ratio
frequency, cps or kcps
wavelength, in.
azimuth angle (zero or jet axis in front), d%”

Subscripts:
e condition at jet exit
8 initial chamber condition (stagnation)
a auxiliary
o ambient-air conditions

APPARATUS AND METHODS

Tests were conducted with a full-scale turbojet engine and
with various modeI nozzles and orifices of from 0.275 inch to
2.00 inches in diameter for the purpose of deterdning the
characteristics of the riem pressure field associated with
their operation. The full-scale measurements were made
during ground runs of a J–33-A–17a engine having a tailpipe
diameter of 18% inches and with a rated thrust of 3,825
pounds. The engine was installed in an operational fighter
airplane, which was positioned on a paved taxi strip approxi-
mately 300 feet horn any large reflecting surfaces other than
the ground. The tailpipe center line was about 36 inches
above ground level and parallel to it.

The model configurations were tested while fitted to the
end of the settling chamber shown schematicdy in figure 1.
The chamber had am tilde diameter of 6.00 inches and a
length of 6 feet and was supplied with air horn a storage
tank at a pressure of 100 lb/sq in. A Iarge part of the
chexnber length was fled with a cylinder of porous, rubber-
ized materirdfor the purpose of ~g extraneous noise
generated inside the chamber and at the control valve.

Mufflkq rmterlal. ,,,&rner Icccrticm

i

k

‘1
I ?’ ...

& inside diameter

L

[
---.4’ inside diameter

1
.

FIGUREl.-schematio layout of model test aon@uratiou-

This arrangement

AERONAUTICS

permitted measurements to be made at
-velocities as low as 100 fps without the appearance in tho
spectrum of extraneous component9 of any consequence.

During a part of the teats it was d&red to operate the
model at a temperature of the order of that in a turbojet.
For this purpose, an acetylene burner of the ring type was
installed in the settling chamber just downstream of the
sound-absorbing material with an asbestos gasket inserted
between the two chamber sections. With this arrangement,
temperaturesup to 1,800° were readily obtained. Operation
of the burner was generally limited to the unchokecl-nozzle
condition. All measurements during choked operation were
made with unheated air; however, enough choked operation
with heated air was employed to vex&y the existenco of tho
phenomena observed with unheated air.

The instrumentation used is illustrated schematically in
figure 2 (a). Pressure fluctuations were detected with two
sound-pressure-measurement systems. The first of these,
imd the one ordinarily used, has essentially a flat frequency
response from .20 to 20,000 cps and cuts off ot 16 and 38,000
cps. The second system, which was used only to monitor
the fret, has a response which is flat up to 100,000 cps.
Output of the sound-measuring system was channeled to a
cathode-ray oscilIograph for waveform observation, an
‘electronic voltmeter for overall pressure determination, and
a Panoramic Sonic Analyzer for spectrum studies. The
Panoramic is a variable-band-width instrument, the l.wnd
width varying from 50 CPSat 100 cps to 660 cps at 10,000
cps; thus it will not yield the true spectrum shape withouL
correction, as will a constant-band-width analyzer. How-
ever, comparison of a few reprwentative spectra from the

,Panoramic analyzer and from a constant-band-width
analyzer indicated that for the qualitative purposes of this
report the uncorrected Panoramic analysis is satisfactory.

Figure 2 (b) illustrates schematically the instrumentation
used for motion studies of the shock formations during choked
operation. The gas-discharge point-source light and thr
high-speed camera constitute a simple shadowgmph. Be-
tween these components is inserted a light baffle (orientocl
parallel to the jet axis) which allows only a fine line of light
to reach the camera. The shock-wave segment being viewed
then appears as a point of difFerentintensity in that line,
and a time history of its axial motion is obtained as the
film movw.

More detailed studies of the flow during choked operation
were made with a conventional shadowgraph system, the
design of which was essentiallya duplication of that described
in reference 5. The light system consisted of a 15,000-volt
power supply used to charge a 0.125-microfarad condenser,
a gate circuit for firing control, and an arc unit. The arc
unit confined the discharge to a very small volume ancl
produced an extremely intense light flash of short duration.
The light source was effectively of only k-inch diameter
and thus afforded excellent resolution in the photographs.

RESULTS AND DISCUSSION

Surveys of the near pressure field were made during
choked operation of a turbojet engine and during both
unchoked and choked operation of model jet Ccm&urations.
Unless otherwise indicated all unchoked model data were
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obtained with heated air; whereas the entire choked survey
was made with unheated air. The prwwre measurements
were made at various axial and radial positions near the jet
boundary.

UNCHOEEDOPBllATION OF TURBOJETENG~E

Frequenoy content.—The frequency spectrum of pressure
fluctuations generated by subsonic flow from the turbojet
is ordinarily continuous; that is, it contains all frequencies
within a given band. In the proximity of the jet boundwy
the frequency band may become very narrow and its limits
may vary with the point of obsemation along the boundary.
A sample spectrum, obtained at a point 2 diameters from the
boundary and 15 diameters downstream of the turbojet
tailpipe, is shown in figure 3. This sample is a logarithmic
plot of pressure fluctuation as a function of frequency,
obtained by photographing the screen of the frequency
analyzer during 15 consecutive traco sweeps. It illustrates
the continuous nature of the frequency content and, by the
vertical spread of successive tracea, the randomness of
amplitude also. Evident, too,. is the fact that the more
important prwmre fluctuations occur within a rather narrow
frequency band, which at this particular position is centered
at about 0.1 kcps. At points nearer the nozzle the predomi-
nant components are of considerably higher frequency (600
ta 1,000 cps at the nozzle) and the band tends to become
broader.

Magnitude of pressure fluctuations,-The effects of axial
and radial distance on the magnitude of the pressure
fluctuations for the turbojet engine operating at rated
thrust are given in figure 4. Figure 4 (a) illustrates the
distribution of pressure in two arbitrary frequency bands
along a line parallel to the 15° jet boundary and 2 nozzle
diametem from the boundary. The two bands, 15 CPSto
150 cps and 150 cps to 15,000 cps, were selected purely as a
matter of convenience; however, the lower band may be of
particular interest inasmuch as some important structural
resonance occur in that range. In the higher frequency
distribution, a maximum is indicated at a point 1 nozzle
diameter downstream; however, the spectrum records
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FIQtrm 3.—Frequenoy speotrwn of turbojet pressure fluctuations.
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full-male jet o~erating at rated thrust.

indicate that this mminmm is largely due to a single high-
pitched component of about 10,000 cps, which is presumably
compressor or turbine whine. The more sign.Mat feature
of the curve is that it clearly shows that the random pressure
fluctuations in this fkequenw range are greate9t near the
nozzle and decrease rapidly with distance downstream.

On the other hand, the distribution of component pressure
fluctuations in the frequency band from 15 to 150 cps
indicates an increfwe with asifd dimkmceuntil a maximum
pressure of about 5.6 lb/sq ft occurs at a point about 12 to
15 diameters downstream of the esit. Furthermore, the
curve is comparatively flat, so that appreciable low-frequency
content appears over a distance range of from approximately
2 to 20 diameters. In fact, comparison of the two curves of
figure 4 (a) shows that at distances grmter than about 2
diameters, the predominating pr-ure fluctuations are for
tiequencies lower than 150 cps.

From the practical standpoint, the tiect of increasing
radial distance on the magnitude of the fluctuations is of
interwt. Thus, the eilects observed in a plane normal to
the jet axis and located 15 diameters downstream (about at
the mtium of the low-tiequency curve) are shown in
figure 4 (b) in the form of a radial pressure distribution.
Since full-scale rnekwmments were limited to a minimum
distance of 2 diametem, some data hm a l-inch model jet
having approximately the same temperature and velocity
are included tQindicate the probable trend at distances less
than 2 diameters. The decrease of pressure with distance,
as measured with the turbojet, is rather gradual. The
model data, however, indicate that at distances less than 2
diametem from the boundary the curve becomes somewhat
steeper. Even so, to obtain a 50-pement reduction in
pressurerequires an increase of radial distance horn 0.5 to 3
diametem.

UNCEIOEBD OPERATIONOF MODELJETS

The scope of the full-scale measuremkts w-as somewhat
limited by the teat schedule of the airplane in which the
engine was mounted; hence, it was deemed desirable to
supplement the turbojet data with some results horn a
l-inch model jet with heated air. The primary purpose of
these model data, however, is to iudicate general trends
rather than to provide quantitative information.

J&M looation of maximum pressure.-Figure 4 (a), which
presents data taken along a line 2 diameters from the turbo-
jet flow boundary, indicates that the magnitude of the
prewwre fluctuations is greatest at a point 12 to 15 diamotma
downstream of the nozzle. Results of moclel tests, however,
indicate that the position of mtium pressure varies. It
is dependent upon the radial distance at which the survey
is made and upon the velocity of the jet. Figure 5 illustrates
tim model tests the nature of the variations produced by
each of these psxameters. In figure 5 (a) the distribution
of pressure-fluctuation magnitude is plotted for four radial
distances for a l-inch jet operating at a temper~ture of
1,660° R and a velocity of 1,240 fps. As radial distanco is
increased, the point of mtium magnitude is seen to occur
farther downstream. At a radial distance of 2 diametera
(which is the same d/D as in figure 4 (a)), the maximum
pressure occurs at 6 to 8 diameters downstream, or at
roughly half the distance of the turbojet maximum. This
difkence is partly due to the velocity effect, which is il-
lustrated in figure 5 (b). The curves apply to pressuro

distributions along the line $=2 at a constmt jet tempera-

ture of l,660a R but at various velocities from 600 fps to
1,870 fps. They indicate that velocity haa a docidecl oflect,
which results in a shift of the maximum from 3 dkmetma
to 10 diameters within the velocity range of the test. Even
so, the curve for a velocity of 1,870 fps has a maximum at
only 10 diametem, whereas the turbojet of figure 4 (~)

“indicated a maximum at 12 to 15 diameters at a slightly
lower velocity.

The possibility arose that this discrepancy might have
been due to ground effects, since the full-scale jet was only
3 diametam above ground whereas the model was some 70
diametem above it. Therefore, the model was operated at
approximate turbojet values of temperature and Mach
number and a survey was made by simulating the ground
surface with a large sheet of pl~ood placed 3 diametera
below the jet center line. Figure 6 presents a comparison
of the pressure distributions obtained with the board and
without it. Although these data are not suilicient to give
a clear-cut indication that ground effects account for the
discrepancy in distribution, the evidence is that the pres-
sures far downstream are increased by much larger amounts
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than those near the nozzle. This re.dt is probably due to
the fact that, when the nozzle is situated only 3 diameters
above ground, the flow, in spreading, impinges upon the
ground in the vicini@ of 8 diameters downstream. Thusj
on the basis of these iindings, it is believed that under free-
space conditions the turbojet distributions would probably
conform more nearly to those given in figure 5 for the model
jet.

Effeot of panel on pressmes,—The effect which the pres-
ence of rLwing or fuselage panel might have on the magni-
tude of pressure fluctuations is another faotor which can be
conveniently evaluated horn model tests. For this test the
l-inch model jet w-as operated at 700 fps, without heat.
I?igure 7 illustrates the results obtained when a board simu-
lating an aircraft panel ma placed in the pressure field along
rLline 1.5 diameterafrom the jet boundary. Since the micro-
phone diaphragm was mounted flush with the exposed board
surface, the curves dford a comparison of panel surface pres-
sure with free-space pressure. The results indicate that the
presence of a panel in this orientation has a small effect on
the axial station of maximum premure and leads to higher
pressure magnitude at any given station. The pressures
obtained with the panel as shown in figure 7 are roughly 60
percent to 80 percent higher than ilee-space pressures.

Effeot of jet velooity,— As waa shown in reference 1 for the
far field, jet veloci~ is the most aignifixmt of the mean-flow
parameters Meeting overall pressure. In reference 1 the
overall pressure in the far field of a low-turbulence jet was
found to be reIated to velocity by a power law, the power
being 3.0 to 3.7. By comparison, a power of 4.o was ob-
tained theoretically in reference 3. In the near field, how-
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Fmmm 7.—Effeot of panel on pressure fluctuations in l-inoh jet.
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ever, this relationship of pressure to jet veloci~ is not nec-

essarily expected to hold. Thus, figure 8 presents the re-
sults obtained born an experimental determination of the
near-field relationship. Data were obtained during con-
stant-temperature operation of a l-inch jet over a convenient
range of Mach numbem. Five stagnation-temperature con-
ditions, ranging horn 76° 1? (no heat) to 1,200° l?, were used,
and pressure measurements were made at various axial sta-
tions at a radial position 0.5 diameter from the jet boundary
for each set of conditions. Data for two of these stations
are shown in this figure. At 12 diameters downstream of
the nozzle the data indicate a slope of about 2.2, whereas at
0.5 diameter downstream the slope is 1.4. At intermediate
stations (not shown) a systematic variation of slope was ob-
served. This result indicates that the pressure increasea
with veloci~ more rapidly at some distance downstream
than at positions near the nozzle. This trend is consistent
with the results show in figure 5 (b), w-herethe axial sta-
tion of maximum pressure was shown to shift downstream
with increasing jet velocity.

The present teats involved constant-temperature opera-
tion at variable Mach number and, since the same Mach
numbers were used for each of seved temperature conditions,
overlapping velocity ranges result. However, as shown by
figure 8, these various conditions yield pressure data which
lie along a single curve. Thus, the implication is that the
magnitude of pressure fluctuations in the near field wn be
appraised from knowledge of jet velocity alone, whether that
parameter is varied by a change of nozzle pressureratio or by
a change of gas temperature, or both. Such an indication
does not preclude the possibility that there are temperature,
densi~, or Mach number effects, since any such eflects are
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~=0.5; D= 1 inoh. Flagged symbols are for ~=0.5.
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implicit in the data, but it does signify that together they
produce only small net effect.

The elopes of the curves from the logarithmic plot of ~
ne@.nst UCin figure 8 differ tim the value of 4.0 which
occurs in the far field; hence, it follows that the slopes them-
selves me a function of radial distance. This effect is clearly
illustrated by the curve of figure 9, in which the slopes of the
logarithmic CI.WVMare plotted as a function of radial
distance from the jet boundary at the nozzle. A rapid change
of slope occurs at radial distances within the first few diam-
eters from the boundary, and thereafter the slope change is at
a lower rate.

CHOKEDOPERATIONOF BIODEL JETS

Up to this point, the present report has dealt only with the
nature of pressure fluctuations arising from subsonic (un-
choked) jets. Overpremured (choked) operation, however,
may also occur in a turbojet engine during thrust augmenta-
tion at take-off or in normal flight at high speed. Some en-
gines may operate at slight overprtwure even under static
conditions with the engine operating at rated speed. Thus,
an evaluation of the pressure fluctuations near the jet stream
during choked operation is of interest. Because of the diffi-
culties involved in full-scale measurements, however, data
from small model jets are used to illustrate the nature of the
fluctuations. These data were in all cases obtained with
unheated air.
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13fFeotof ohoked operation on magnitude of pressure
fluctuations.-’l%e effect which overpreasuring (choked
operation), with its attendant shock formations, has on the
magnitude of pressure fluctuations nom the jet is of primary
interest. Figure 10 illustrates the effects observed at a point
2.5 diameters downstream and 0.5 diameter from the bouncl-
ary of a l-inch jet as the nozzle pressure ratio is varied from
low subsonic to large overpressure. The daahed vertical line
represents the critical preemweratio, or the boundary between
choked and unchoked operation. The curve shows that the
magnitude of pressure fluctuations increases rapidly up to a
nozzle pressure ratio 3.67. At this point the magnitude is
of the order of 20 times the value observed just before choking
occurs. Further increase of nozide ratio results in a sudden
decrease of pressure fluctuations, followed eventually by
another, more gradual increasebeginniug at a ratio of about 6.
The shape of this curve and the magnitude involved woro
found to apply to a 2-inch nozzle, as we~ as to the 1-inch
nozzle, at the same geometrical location.

I?requenoy speo*.—The large hump in the curve of
figure 10 is associated with a rather sudden change in the
frequency spectrum of the fluctuations. The nature of this
change is illustrated in figure 11. The spectrum of figuro
11 (a) is of the type generated when the nozzle pressure ratio
is subcritical and the jet flow is entirely subsonic. It is very
simiIar to the unchoked turbojet spectrum of figure 3 except
that the frequencies involved are considerably higher because
of the smallerdiameter of the model jet. At a nozzle pressure
ratio slightly above critical, however, a discrete-frequency
component of very high intensity appears. Figure 11 (b)
illustrate the spectrum under that condition. Although it is
not evident in figure 11 because of the factor of 25 between
the ordinate scales there, the discrete component occurs in
addition to the random content. Its magnitude increasesup
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FIGURE 10.—EEfeotof nozzle pressure ratio on magnitude of pressure

fluctuations. D= 1 inoh; %=2.6” , ;=0.6.

to a nozzlepressure ratio of 3.67. Thereafter, the magnitude
diminisheswith increasing pressureratio until the component
finally dimppeara from the spectrum at a nozzle pressure
ratio of about 6. Thus, the hump in the overall-pressure-
fluctuution curve of @e 10 is coincident with the prw.ence
of a discrete-frequency component.

This tendency for the choked jet to generate a discrete-
frequency component was tit reported in reference 6, which
presented schlieren photographs of the flow and the sound
field of a model configuration in which the periodicity
was obvious.

The term “screech” is used hereinafter to denote this
discrete-frequency component because it is particularly
descriptive of the phenomenon w observed by the ear. This
usage requires that a distinction be made between the present
phenomenon, which is related to disturbance in the external
flow, and another phenomenon involving a resonant condition
inside the nozzle or tailpipe and also sometimes referred to
as screech. The latter may occur in unchoked operation;
whereas the former is exclusively a phenomenon of choked
operation.

Flow studies of ohoked operation.-lh an effort to obtain a
better understamling of the mechanism of screech generation
and to investigate the possibility of correlation between
screech wavelength and, perhaps, shock spacing or stability,
a series of shadowgraph studies of the flow during choked
operation was made. Fiie 12 pr=ents sample shadow-graph
records of the flow patterns existing in the flow hwm a l-inch
convergent nozzle at various nozzle presmre ratios in the
choked range. Figures 12 (a) and 12 (b), at pressure ratios
of 2.33 and 3.67, are associated with the onset of screech
and the condition of maximum screech, respectively. Fignrea
12 (c) and 12 (d), at pressure ratios of 5.00 and 7.00, are
associated with, respectively, the cessation of screech and the
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Frmnm 11.—Comparison of frequenoy epeetrume of preswre fluctua-

tions for rmchoked and ohoked operation. D= 1 inch; 5=3; ~= 1.

limiting condition of the tests, where only random com-

ponents are noticeable in the pressure spectrum.

In all of the records shown, a cellular shock pattern is

evident, although the flow deceleration tends to become more

nearly complete in a single shock at high pressure ratios.

The spacing between the shocks increases with nozzle pressure

ratio, as does the distance from the nozzle to the first shock.

In figures 12 (a) and 12 (b), both associated with the screech

condition, flow disturbances suggestive of partly formed

toroidal vortices are apparent in the vicinity of the shocli

formations. These disturbances appear to be of the same

form as those observed by schlieren methods in references

6 and 7. At the lowest pressure ratio th~e patterns are
symmetrical about the jet, but at a pressure ratio of 3.67
they appear alternately on opposite sides of the jet, along its
length. Since no such formations are evident in i3gures12 (c)
and 12 (d),. where screech is not present, there is reason to
believe that these flow disturbances are associated with
genwation of the screech component.
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FIGUREI2.—F1ow patterne of l-inch ahoked jet.

Screeoh-frequency studies.+bme studies were made to

determine the relation that existed between the shock spacing
and the wavelength of screech. The results obtained with a
l-inch orifice (chosen because of its more even frequency
variation as compared with a nozzle) are given in figure 13.
In figure 13 (a), dimensionless screech wavelength and dis-
tance between shocks are plotted as functions of nozzle
pressure ratio. The shock distances were merwred between
first and second shocks at their radial extremities. The
resultant curves indicate a steady widening of the distance
between shocks and a concurrent lengthening of the screech
mnwlength. Reference 6 showed that in two-dimensional
jets the ho variations are of the same form. Ii the present
tests, however, with a three-dimensional jet, the variations

32

24
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.8

0246

32

24

1.6
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0246
~

N@e~*’~
(a) Sc%:men:vmlmlgttmnd shock- (b) Relation between shook dis-

. tame and .soreeoh wave-
length.

Fmmm 13.—Variation of shook distanoe and soreeoh wavelength for
l-inoh Orifioe.

are seen to be somewhat dis&ilar. A plot of XJAZ,as given
in figure 13 (b), gives decreasing values as nozzle pressure
ratio is increased; whereas observations of reference 6 with
a two-dimensional jet redt in a constant ratio of wavelength
to shock distance.

Scale effeot on soreech frequenoy.-In the courm of those
tests the screech phenomenon was observed to occur with
orifices of 0.275-inch, 0.600-inch, and 1.00-inch diametera
and with nozzles of 1.00-inch and 2.00-inch diameters,
Figure 14 illustrates the variation of screech frequency with.
prcsaure ratio observed with each conjuration. These
curves indicate that although there are dissim.ihwitiesamong
the various curves, particularly between results obtained
with a nozzle and with an oritice, the screech frequency at
a given pressure ratio is roughly proportional to the inverse
of the nozzle diameter. A point of interest in this figure is tho
ditlerencein shape between the curve for the l-inch nozzle and
that for the l-inch oriike. Both appear to approach a
common value at the upper end of the pressure range, but
the nozzle curve tends to flatten at lower pressureratios than
the orifice curve.

Axial pressure distribution.-It should not be inferred
from the choice of distance, that is, between first and second
shocks, for figure 13 (a) that oily in thnt region is the screech
component apparent. On the contrary, pressure distribu-
tions along a 15° line near the jet indicate a series of maxi-
mums and minimums during screech. For example, figure
15 gives the distribution along a line 0.1 diameter from the
subsonic boundary of sharp-edged-oriib flow at a pressure
ratio of 3.67, which corresponds to a very pronounced
screech condition. For comparison the distribution at a

I‘1 I I I I I I I I I
2 34 6 8 10 2

N3zzle pressure rat!o, *

I?mum 14.—Effect of jet diameter on soreeohfrequenoy.

)
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subsonic pressure ratio of 1.30 is given also. The dashed

curve, associated with the screech condition, indicates four

maximums and therefore implies that the screech component

may have at least four sources for this condition. Com-

parison of the curve with the shadow-graph record shows that

the maximums lie at points slightly downstream of the shock

formations. The shadowgraph record also indicatea the

presence in the flow of disturbmces of the type shown in

figure 12 (b) for nozzle flow.

Shook-motion studies.+%me the screech maximums lie
near the shock formations and since the flow disturbances

are observed also in the vicinity of the shocks, an investiga-

tion of the stability of the shoch during the screech condi-

tion appeared appropriate. A sample result of such a study,

made with the apparatus of figure 2 (b) for a 2-inch

nozzle, is shown in figure 16. I?igure 16 comparea the wave-

form of pressure fluctuations and the shock-motion wave-

form during screech. The results presented were not obtain-

ed simultaneously and therefore phase comparisons cannot

be made. A segment of the tit shock near its radial extrem-

ti m–-]
9-cd llKkrl

.-. —-J
Fmum 16.—Cornparieon of premure waveform and shook-motion

waveform during soreeoh. D=2 inohea; ~*=3.67.Po

ity -ivas selected for observation. The pressure trace indi-
cates that the waveform is essentially a sinusoid with smaller
random components superimposed. The shock-motion wave-
form, on the other hand, is rather irregular, but a cyclic
tendency is evident. The frequency is roughly the same as
the screech frequency, about 2,000 cps. Similar records
obtained in the range where og.ly random pressure fluctua-
tions exist do not exhibit this periodic behavior; therefore,
it appears that the screech c&@ion is definitely associated
with an oscillatory motion of tha shock formation.

Soreeoh in hot jets,—Although-tihe data thus far presented
for the choked operating condition apply directly to cold-air
jets, some teds with a model burner have established the
existence of the screech phauomenon at high” temperatures
as well. These exploratory tests with heated air, however,
have indicated that the magnitude of the screech component
relative to the random components is much lower at high
temperatures than at low temperatunx.

SOME DEVICESFOR NOISEEEDUOTION
EEDU~ON OF PRE3SUEEFLUCJ?UA’lTONSFEOM UNCEOKEOJETS

In the course of the model tests with unchoked qozzl=,

it was found that the frequency spectrums could be changed

and some reduction of pressure magnitudes could be obtained

by inserting a single sheet of tie screen into the flow and

normal to the flow axis. Since this scheme might have appli-

cation in the design of ground mtiere for jets, some sample

results are given herein.

The frequency spectrum of the far-field noise was found

to be affected greatly by the prtience of the screen and,

for a given jet diameter and velocity, the effects varied with

screen axial position and screen mesh size. l?or example,

iigure 17 illustrat= some remlta obtained when an 8-mesh

screen of 0.023-inch wire diameter was placed in a 0.75-inch

jet operating at 900 @s. The data were obtained at a pornt

in the far sound field 64 diameters from the nozzle aud at an

azimuth angle of 140°. The figure companx tie ties-jet

spectrum with the spectrums obtained when the screen -was

located at distamxa of % diameter and 2 diameters down-

stream of the nozzle. Comparison of the spectrum of &ure

17 (b) with the ties-jet spectrum of figure 17 (a) indicates

that the presence of the screen % diameter @m the nozzle

has reduced the noise to a considerable &tent, the lower-

fiequency components being reduced more than the higheIY

frequency one9.

The spectrum of figure 17 (c) was obtained with the screen

2 diametem from the nozzle. It is sem to contain several

high-intensity discrete components which are believed to be

of edge-tone origin, and the overall pres-mie level is only

slightly lower than that of the free jet. Even so, the random

components have been appreciably redu:ed. It is con-

ceivable that, from a sound-tmwhg standpoint, the spectrum

of figure 17 (c) might still be simplar to cope with than that

of iigure 17 (a), because the energy appears at somewhat

higher frequencies.

The effects on overall sound pressure which accompany

these spectrum chang~ are illustrated in figure 18 for the

0.76-inch jet. Overall sound pressures, as observed at an

angle of 140° and a distanm of 64 diameters, are plotted as

a function of screen position in inches downstmmrn of the
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FIGUED17.—Effect of soreen on
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nozzle. The premne measured with no screen in the flow
is given by the horizontal line at O.O77pound per square
foot. Comparisons of this presure with that measured for
various screen positions show that overall sound pressure is
reduced for allscreenpositions up to 2.3 inches (about 3 diam-
eters) downstream.

In order to inv4gate the effect of a device of this sort on
the angular distribution of overall sound pressure, a grid of
water-cooled tubes was used with a l-inch heated jet. The

—

/
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I

Jet w’th grkJ---

/

t—_ __
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Screen P9s4trm,x,m

FIGURE18.—Effect of soreen on overall sound prwaure from 0.76-inoh

jek S-mah smeen; 0.023-inoh wire; U,=ftOO fps; +- 140°; ~= 64.

grid consisted of tubes, %-inch in outside diameter, through

which water was passed for cooling purposes. The jet was

operated at a stagnation temperature of 1,400° 1? and a

velocity just below sonic. Figure 19 presents a comparison
of the overall pressure distributions for the free jet and the

jet with grid at a distance of 150 nozzle diametem from the

center point of the nozzle. The indications are that tho

grid is effective in reducing overall sound preesure at 011

wzimuth angles greater than 90°. The greateat reduction

observed is of the order of 10 to 12 decibels and occurs along

the azimuth which in the free jet gives highest pressures.

The beneficial effect of the screens nppeara to result from

the deceleration of the flow to comide.mbly lower veloci~ies

at a point upstream of the region of grerbteat noise generation.

Consequently, the reduction is greatest at the low-m frequen-

:i~, since noise at these frequencies haa been shown to

miginate principally in the region downstream of about 2

hmete~. In the course of the present tests, screens of
various mesh sizes were investigated and, in genmd, the

mwdts indicated that the sound reductions increased as the

nesh size was made smaller; however, the baok pressure in

;he nozzle due to the presence of smrdler-mesh soreena QISO

ncrewea. For the 8-mesh screen located K diameter from

he nozzle exit the back pressure was 0.2 inch of mercury at

~jet exit veloci@ of 900 fps.
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FIGURE19.—Effeot of a grid on the overall noise from a high-tempera-

ture model jet. D= 1 inoh; ~= 150; T,= 1,400° F.

SCREECH ~AmON m CEOKED JETS

In references 4 and 6 several methods of obttig reduc-

tion in the magnitude of pressure fluctuations from a choked

jet were discussed. Among these w-ere such devices as a

toothed nozzle and a gauze-cylinder extension to the nozzle

to allow shock-free expansion of the supemonic flow. Several

explorato~ methods of a similar nature were investigated
during the present tests. One such method, not previously

reported, proved very effective in reducing the magnitude

of the screech component. This method involved the use

of small auxiliary oritices to introduce turbulence into the

main strenm at a point just downstream of the main jet

exit. (See sketch in fig. 20.) The configuration consisted

of a l-inch knife-edge oriiice with four jf~inch holes drilled

through the beveled face, whereby a small auxili~ supply
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hmm 20 .—Effeot of auxiliary ortioea on relative overall pressuw
iluotuation magnitude. D= 1 inoh; D.=0.031 inch.
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of air from the settling chamber was allowed to enter the

main flow at an angle of about 45°.
An illustration of the reduction in magnitude of the overall

pressure fluctuations obtained by this method is show-n in
figure 20, which compares on a relative pressure basis the
data obtained at a point just outside the jet boundary
and approximately 3 diametera downstream. Any scheme
which reduces the discrete frequency noise components will
essentially eliminate the peaks in the axial pressure distribu-
tion curve of figure 15. The reductions obtained are a func-
tion of the relative contributions of the discrete component
and the random components and, hence, are much greater
at some field points than at others. This same result
applies to locations in the far field where the amount of
noise reduction is a function of the azimuth angle. The
net result of eliminating the screech com~onent ameara

I to be a decresae of th~total radiated ac&stical ~~ergy.
Xn one test cnniiguration where screeching was severe, some
noise reduction was obtained at all azimuth angles and this
reduction resulted in a decrease of 3 decibels in the total
radiated energy.

Shadowgraph records show that this decrease is coincident
with elimination of the vortex flow patterns associated with
screech. Figure 21 illustrates the change in the flow pattern
when auxilia~ orifices are used at the highest pressure
ratio of the teats. The top record waa obtained with the
auxihuy orifkcs plugged. Screech was present and the
vortex formations are evident. The lower record was ob-
tained at the same pressure ratio with the auxilkuy orifices
in operation. The screech component was virtually elimin-
ated and the flow disturbances are show-n to be greatly
reduced. Thus, the generation of screech is again indicated
to be associated with formation of the vortex-like dis-
turbances.

Ma No auxiliary orifioM (soreeohing).
‘With auxiliary orifioes.

FIGURE21.—EReot of auxiliary orifioeson flow of ohoked jet. :=3.67;

D= 1 inoh; DO=0.031 inoh.
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CONCLUSIONS

Rcmdts have been presented from an investigation of the
near sound-pressure field of a full-scale unchoked turbojet
and of both choked and unchoked model jets.

The near-field investigation of pressure fluctuations from
the full-scale turbojet engine i.ndicatea the following con-
clusions:

1. The fluctuations are random and the largest components
occur within a fairly narrow band at frequencies lees thm
150 Cps. “

2. Along a line 2 nozzle dismetem from the jet boundary,
maximum pressure fluctuations occur at about 12 to 15
diametera downstremn of the nozzle.

Results obtained with unc+oked model jeta indicate:
1. The position of maximum pressure magnitude along a

line parallel i% the jet bound~ is a function of jet velocity
and the radial distance of the survey.

2. P~ magnitude is about 50 percent l% 80 percent
higher at a panel surface than in free space when the paid
is oriented parallel to the jet boundazy.

3. The overall magnitude of pressure fluctuations varies
with jet velocity to about the second power near the jet,
whether the velocity increase is effected at constant Mach
number with variable temperature or at constant tempera-
ture with variable Mach number.

4. The exponent of the power function relating overall
sound prw.sure. ahd jet velocity increases systematically
with radial distdce from the nozzle.

5. The use of a wire screen in the jet flow at points a
diwneter or so downstream of the nozzle reduces the low-
frequency components of the random noise spectrum by a
considerable amount. Overall sound pressures at azimuth
angles greater than 90° are thus lowered, primarily as a
result of the large decreases @ the lower-frequency compo-
nents.

Results obtaine~ with choked model jets indicate:
I. A high-in~qsity, &acre&frequency component occurs

during a part of.,the choked operating range. This compo-

nent is associated with the prcsance of flow disturbances of
tmoidal-vortex form and with oscillation of the shock
formations.

2. For a given nozzle size, the frequency of the screech
component bears some relation to the shock sprming. Fre-
quency is roughly proportional to the inverse of the nozzle
diameter.

3. The use of four small auxili~ orifices to introduce
turbulence into the main stream just downstream of the exit
reduced the magnitude of the screech component by a con-
siderable amount.

LANGLEY AERONAUTICAL LABORATORY,

NATIONh ADVISORY CoraimrDD FOR &RONAUmCS,

LANGLEY l?IDLD, VA., FeZmuzry19,1964.
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